Abstract: Four metal complexes viz Cu(II) and Fe(III) with or without thiocyanate have been synthesized from a Mannich base prepared by a simple synthetic route. These complexes were characterized by elemental and spectroscopic techniques. Bonding modes of the thiocyanate group with the metal complexes as studied by infrared spectroscopy revealed the presence of bridging N-and S-bonding modes. Detailed kinetic studies of these complexes were carried in the evaluation of their catecholase activity. The Fe(III) complex demonstrated the highest catalytic activity using 3,5-di-tert-butyl catechol (3,5-DTBC) as substrate with a turnover rate (k cat ) of 112.32 h -1 .
Introduction
Mannich reaction involving phenols and acetophenones with secondary amines can yield a wide variety of polydentate ligands capable of various biological and industrial applications upon coordination to metal complexes. [1] [2] [3] One of such applications, is the biomimetic studies of metal complexes on catechol. 4 The enzyme catecholase oxidase, also referred to as o-diphenol oxidase catalyzes exclusively the oxidation of catechols (i.e., o-diphenols) to the corresponding o-quinones in a process called catecholase activity. The formed quinones rapidly autopolymerize to form brown polyphenolic catechol melanins, this process is important in the protection of damaged plant tissues against insects and pathogens. 5, 6 Therefore, studies on model compounds capable of mimicking catecholase oxidase are very useful and offer promising alternatives for the development of newly efficient and bioinspired catalysts for in vitro oxidation reactions. Metal complexes [Cu(II), Ni(II) and Fe(III)] of Mannich bases often with a range of endogenous and exogenous bridging moieties (including acetato, hydroxido and phenoxido), have thrived in this regard. [7] [8] [9] Few reports to the best of our knowledge are available on the impact of thiocyanates on catalytic processes of this nature.
The Mannich base that served as the ligand in this work has been prepared previously by Anbu and Kandaswamy, 10 but a less cumbersome synthetic route is presented herein. In addition, we report the synthesis, characterization and detailed kinetic studies of the catecholase activity of Cu(II) and Fe(III) complexes of a Mannich base with those bearing thiocyanate. 
Results and Discussion

Infrared Spectral Studies
The infrared data for 2-((4-(2-hydroxy-5-methylbenzyl)piperazin-1-
with its copper(II) and iron(III)
complexes are reported in Table 2 The stretching mode of νCNC is observed at a single frequency and showed a very interesting pattern. A single frequency is assigned to this ring vibration at 1150 cm are observed in 3 and 4 with the intensities remain unchanged. This is indicative of the involvement of the N-atoms of the Mannich base in the complexation in all cases with the direction of the shifts dictated by the boat-chair conformations of piperazine. 15, 16 In thiocyanate containing complexes 2 and 4, the stretching vibration νCN is observed at 2086 cm -1 (strong, split) in the copper complex and 2025 cm -1 (broad) in the iron complex leads to the conclusion that S-bonding takes place in the copper(II) complexes and N-bonding in the iron(III) complexes as supported by the infrared data obtained. The assertion is supported by the observation of the νCS at 758 cm -1 and 739 cm -1 for the copper and iron complexes respectively.
17,18
The Electronic Spectra Electronic spectral data are summarized in Table 3 Table 3 . UV/Visible data for H 2 L and its metal complexes (nm).
Compounds Solvent
Observed transitions The proposed structures for metal complexes 1 -4 are given in Figure 1 below. 
Catecholase Activity
The catecholase activities of complexes 1 -4 were evaluated in a reaction with 3,5-di-tert-butylcatechol (DTBC) at 25 °C. The absorption around 400 nm which is characteristic of the formed quinone, 3,5-di-tertbutyl-o-benzoquinone (DTBQ) that has low redox potential and makes it easy to oxidize while its bulky tert-butyl substituents prevent further overoxidation reactions such as ring-opening was measured as a function of time.
8,22
The experiments were run in duplicates using DMF solutions saturated with dioxygen. The spectra for complex 4 is are presented in Figure 2 as a representative for this group. ] are comparable to those previously reported in the literature.
23-25
The catecholase activity follows the order 3 > 2 > 4 while complex 1 is catalytically inactive. . But a similar 6-coordinate specie studied in the work is catalytically inactive. The lack of reactivity may be as a result of the uneasy formation of the metal-substrate adduct for the 6-coordinate metal complex owing to the lack of leaving groups that can be easily removed. 26 Also the presence of thiocyanate in the iron(III) complexes appear to impact catecholase activity negatively as previously reported in similar catalytic processes owing to its stronger binding abilities than chlorides for example thus not making readily available a coordination site for an incoming substrate. 27, 28 The presence of hydrogen peroxide was detected through iodimetric titration thus indicating that the oxidative process passes through the formation of semiquinolate species with the isolation and identification of 3,5-DTBC were carried out through 1 H NMR spectroscopy. 
Synthesis of metal complexes
Preparation of the four metal complexes (1 -4) was carried out by a general procedure. To a solution of the ligand (5 mmol) in 5 mL of warm chloroform was added an equimolar methanolic solution of the metal salt.
The resulting mixture was stirred at room temperature for 6 h leading to the formation of a precipitate which was filtered off and washed twice with a 1:1 methanol: chloroform mixture. The synthesis of the thiocyanate metal complexes involved the addition of an equal mole of potassium thiocyanate dissolved in methanol while few drops of triethylamine was added during the preparation of the Fe(III) complexes.
Conclusions
We have synthesized and characterized four metal complexes that can act as potential catalysts for the oxidation of catechols to quinones thus mimicking the catecholase activity of catecholase oxidase and measured their catecholase activity by monitoring the rate of aerial oxidation of 3,5-DTBC to 3,5-DTBQ. The iron(III) complexes are more active than copper(II) mono or binuclear one. The presence of thiocyanate moiety drastically drops down the complex activity
